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 Radicals are mobile on grain 
surfaces at T > 20 K and can 
combine with other radicals.
Methanol Photolysis in the 
Interstellar Medium (ISM)
C𝐇𝟑OH → C𝐇𝟐OH + H 
→ C𝐇𝟑O + H 
→ C𝐇𝟐 + 𝐇𝟐O
→ C𝐇𝟑 + OH 
→ HCOH + 𝐇𝟐
→ CO + 2𝐇𝟐
→ 𝐇𝟐CO + 𝐇𝟐
Öberg et al. A&A, 504, 891-913, 2009.
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Pulsed Valve with 
































Parent Methanol Reference 
Lines
T = 12 ± 5 K
Nmethanol = 
(1.19 ± 0.03)×1017 cm-2
Rotation Diagram for Parent 
Methanol
Laser Photolysis + Methanol 
Depletion
T = 19 K








Hays B. M., Wehres N., Alligood DePrince B. A., 
Roy A. L. M., Laas J. C., & Widicus Weaver S. 



























Scaling x100 Scaling x10
3−1,0-21,0
T = 3.7 K
N/Nmethanol = (6 ± 2)×10
-4
Methoxy Photolysis Product
Based on frequencies reported by Bermudez, Bailleux
and Cernicharo,  2016, A&A, 598, A9.
Caveats:  
-- No line strength information included
-- Our fit of the reported lines does not converge
T = 0.6 K




Hagege et al.   Öberg et al.    This Work
(1968)            (2009)
CH3OH + hν CH3 + OH < 5%           12% 5%*     12%*
CH3O + H ~75%     15%      39%      36%
CH2OH + H 73%      53%      49%
H2CO + H 20%      0% 2% 2%
*assumed
Hagege et al. Trans. Faraday Soc., 64, 1968
Öberg et al. A&A 504, 2009
Methanol Photolysis 
Branching Ratios
 Determine optimal laser position on tube
 Try different Ar/CH3OH ratios
 Collect more hydroxymethyl lines, refine fit
 Measure other branching ratios for COMs
 Try other laser wavelengths, compare branching ratio 
changes
Conclusions and Future Work
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 Formula for integrated line intensities:  
∞−׬
∞










 Y versus X:  ln[(׬−∞
∞
𝐼𝑏𝑑 ν)(k/(ℎ
2 νB𝑔𝑢))] versus 
𝐸𝑢 = 𝐸1 + ℎν
 Inverse of slope is proportional absolute 𝑇𝑟𝑜𝑡 of 
molecules in supersonic expansion
 The relationship 𝑒𝑦−𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑄(𝑇𝑟𝑜𝑡) allows for 
the determination of relative abundance ratio
Variables Values
h Planck constant
c Speed of light
A Einstein A coefficient




𝑄(𝑇𝑟𝑜𝑡) Rotational Partition 
Function
𝐸𝑢 Upper State Energy
𝑇𝑟𝑜𝑡 Rotational Temperature
Boltzmann Diagram Analysis
